Chemical reactions between certain bis-cyclometalated iridium complexes, cerium(IV) and organic reducing agents in aqueous solution produce an emission of light which in some cases is more intense than that from analogous reactions with conventional ruthenium-based reagents, thus providing a new avenue for chemically-initiated luminescence detection.
The intense orange luminescence produced by the reduction of tris(2,2 0 -bipyridine)ruthenium(III) (Ru(bipy) 3
3+
) and related ruthenium(III) complexes in acidic aqueous solution was first reported by Hercules and Lytle 1 in 1966, and since that time, this class of chemiluminescence reaction has been widely applied in analytical chemistry, particularly for the sensitive detection of tertiary amines and organic carboxylates. 2 The reactive Ru(bipy) 3 3+ is generated by oxidising Ru(bipy) 3
2+
; subsequent reaction with a suitable reducing agent produces electronically excited [Ru(bipy) 3 2+ ] * , which is responsible for the emission of light.
2
These species can also be generated at electrode surfaces. Spurred by the success of chemiluminescence and ECL detection with Ru(bipy) 3
2+
, there is great interest in the development of new reagents by modifying the ligands and/or using different metals. Cyclometalated iridium(III) complexes are seen as a promising option, due to their relatively high photoluminescence efficiencies, wide range of emission wavelengths and stable redox characteristics.
3 Initial studies revealed that tris(2-phenylpyridine)iridium(III) (Ir(ppy) 3 ) has a high ECL efficiency in experiments in which the excited state is generated by annihilation between the oxidised and reduced forms of the complex in organic solvents. 6 However, much lower ECL efficiencies are observed for this complex in the more analytically useful co-reactant mode, and its solubility is poor in aqueous solution. However, the analogous chemiluminescence reactions (initiated using chemical oxidants) with iridium(III) tris chelates are yet to be explored. † Many of the iridium complexes used in the ECL studies were not suitable for this application due to their limited solubility in aqueous solution. We therefore prepared the more soluble chloride salts of Ir(ppy) 2 (bipy) + and Ir(ppy) 2 (phen) + , and the sodium salt of the 4,7-diphenyl-1,10-phenanthrolinedisulfonate derivative, Ir(ppy) 2 
(BPS)
À (Fig. 1) , by cleaving the dichloro-bridged dimer [Ir(ppy) 2 Cl] 2 with the appropriate ligand. The corrected photoluminescence emission maxima for these complexes in acidic aqueous solution were 616 nm, 611 nm and 626 nm, respectively. ‡ After subtraction of the respective blank signals, the chemiluminescence intensity from the reaction of these complexes with cerium(IV) and a range of organic reducing agents in acidic aqueous solution were comparable to those using the corresponding homoleptic ruthenium(II) complexes: Ru(bipy) 3
2+
, Ru(phen) 3 2+ and Fig. 1 Chemical structure of selected bis-cyclometalated iridium(III) complexes.
Ru(BPS) 3
4À ,x although differences in selectivity were observed (Fig. 2) . In general, the responses with Ir(ppy) 2 
(BPS)
À were greater than with Ir(ppy) 2 , and under the conditions employed in this work, a 5-fold to 8-fold difference for these complexes was observed. Interestingly, the presence of the BPS ligand in the bis-cyclometalated iridium(III) complex increased the blank signal by two orders of magnitude, compared to the 2,2 0 -bipyridine or 1,10-phenanthroline analogues. Consequently, the raw signals (before subtraction of the blank response) for Ir(ppy) 2 
À were greater than those of the other five complexes.
Calibrations for oxalate were prepared using Ir(ppy) 2 (BPS) À and Ru(bipy) 3 2+ (1 Â 10 À3 M) as reagents (Table 1) . Both were characterised by a linear best fit, but the Ir(ppy) 2 
À reagent produced a much larger intercept and steeper gradient. The ruthenium-based reagent provided superior limits of detection (LOD).
For the detection of the reducing agent (e.g. oxalate), the lightproducing reaction between the oxidised metal complex and solvent results in an undesirable blank signal that is not related to the analyte. However, for detection of the chemiluminophore itself, the lightproducing reactions with the reducing agent and solvent are both directly related to the concentration of the complex. A calibration for Ir(ppy) 2 
À and was prepared using the same FIA manifold, with 1 Â 10 À5 M oxalate and 1 Â 10 À3 M cerium(IV). Under these conditions, the iridium complex could be detected at 1 Â 10 À9 M, which compared favourably with the limits of ECL detection reported for Ir(ppy) 3 11 ‡ Photoluminescence emission spectra were obtained with a Cary Eclipse fluorescence spectrophotometer, using 10 À4 M complex in aqueous solution, and were corrected as previously described.
12
x Flow injection analysis (FIA) methodology was used to reproducibly combine the reacting species. The manifold was constructed as previously described, 13 except that the distance between the confluence point and the beginning of the detection coil was $10 mm. Chemiluminescence intensities were established by injecting 70 mL of each iridium/ruthenium complex solution (1 Â 10 À4 M) into a carrier line containing the analyte (1 Â 10 À5 M), which merged with the oxidant (1 Â 10 À3 M cerium(IV) sulfate), before entering the detection flow-cell. For each reagent/analyte combination, flow rates were optimised between 1 and 3.5 mL/min per line. All solutions were prepared in 0.05 M H 2 SO 4 . 
